Dijanović D., M. Kraljević-Balalić, V. Stanković, And I. Mihajlović (2004): Phenotypic stability of yield components in protein Vol. 36, No. 3,[213][214][215][216][217][218][219][220] Phenotypic stability of the yield components of three sunflower (Helianthus annuus L.) inbred lines in their third, fourth and fifth year of self-pollination was analysed. Stability parameters were calculated following an Eberhart and Russell (1966) model. According to regression coefficients, the investigated lines showed satisfactory stability of the protein content in seeds and weight per 1000 seeds. The line D4441 in the third year of self-pollination was identified as the most stabile one regarding protein content. As for weight per 1000 seeds, the best genotype stability was detected in the line Rs 4 I 10 in its fourth year of self-pollination.
INTRODUCTION
Protein sunflower originates from North America. The population of western parts of North America and Mexico had been first to recognize the potential for multiple uses of sunflower (ROSENGARTEN, 1985) . Indians had used it as nourishment, consuming it raw or grinding it and mixing with maize flour before baking (HENDERSON, 1987) . The Spaniards had transferred it to Europe in the 16th century. Today, protein sunflower attracts considerable attention of the food processing industry worldwide, as well as in this country. Its uses are expandingwhether wholemeal or hulled, it can be consumed fried, raw, salted, unsalted, or mixed with various spices. Hulled kernel may be added to ice-creams, salads or sweets topped with chocolate.
Besides being bred for the main seed yield components and high genetic yielding potential, hybrids of the protein type of sunflower should also be characterized by good adaptability and stability, appropriate seed size, shape and colour, high content of kernel, uniformity of seed size, easy hulling and long and safe seed storage. In this type of hybrid, the content and quality of proteins is very important (FICK and MILLER, 1997) . To ensure further yield increase, it is therefore essential to focus more attention on analysing the variability of individual characters that have direct or indirect effect on yield (KRALJEVIĆ-BALALIĆ and BOROJEVIĆ, 1982; DENČIĆ, 1994 , NURMINIEMI, 1996 .
High yield is an expression of different yield components and complexes of other plant properties under given environmental conditions. Stable and high yield does not depend only on the genotype but on interaction of genotype and the environment as well. There is a whole series of models that enable analysis of the adaptiveness of a genotype to particular environmental conditions. The most widely employed model of stability has been proposed by EBERHART and RUSSELL (1966) . A stable genotype under such model is one that has high average yield, a regression coefficient of around 1.0 (bi ≈ 1) and a regression deviation as low as possible (S 2 di ≈ 0). This research aimed to determine the variability of the investigated phenotypic characters of several inbred sunflower lines, their genotype/environment interaction, and the degree of stability depending on the homozygosity level (year of self-pollination) and environmental effects.
MATERIALS AND METHODS
Three promising inbred sunflower lines in their third, fourth and fifth year of self-pollination were used in this investigation. The chosen lines originated from the protein cultivar Kolos, which had been selected in the Agricultural and Technological Research Centre in Zaječar. The cultivar Kolos itself was the standard. The chosen lines S 3 , S 4 and S 5 were sown according to a random block design with three replications in the experimental fields of the Agricultural and Technological Research Centre in Zaječar, the Agricultural School in Leskovac and the Stig Agri-cultrual Institute in Požarevac over the 1997-1998 period. Sowing was done upon thoroughly tilled soil at optimal timing for the given locality.
The experimental data was processed by the analysis of variance in a three-factorial experiment and the stability parameters were calculated from the regression analysis using the EBERHART and RUSSELL (1966) method:
Y ij = µ i + β i I j + δ i j where: Y ij -yield average of i genotype in j locality µ i -yield average of i genotype in all localities β i -regression coefficient indicating genotype reaction to different localities I j -ecological index, average of all genotypes in all localities from which the average of all genotypes in j locality is deducted δ ij -regression deviation of i genotype in j locality Two stability parameteres were calculated: regression coefficient b i :
2 e/r. S 2 e/r -mid-square error in analysis of variance r -number of blocks n-number of localities The student t-test was used to test the regression coefficient significance, and the average coefficient standard error was employed. Means and variance components. -Proteins are the second most important reserve compound in sunflower seeds. Protein content in the seed, as well as yield components, are determined by a number of genes (minor genes or polygenes), and they are the result of interactions between those genes and environ-mental factors. BEDOV and ŠKORIĆ (1981) had reported finding protein content in the seed to vary between 16% and 29% in the examined material of different genetic origin. STANOJEVIĆ et al. (1998) reported protein content in the seed to depend on ecological factors and locality.
RESULTS AND DISCUSSION
We found significant differences in the seed protein contents of the investigated lines in their S 3 , S 4 and S 5 generations of self-pollination. The higest mean for the localities in Zaječar (21.75%), Leskovac (22.24%) and Požarevac (21.75%) was found for the line Rs 4 I 10-S 3. The lowest mean value for protein content was found in the line D 4441 in all localities (Zaječar 18.85%, Leskovac 19.44%, Požarevac 19.18%), Table 1 . The percentages of accountability of the genotype (26.42%) and genotype/year/locality interaction (20.32%) are comparatively equal. The high proportion of this property is attributable to experimental error (47.15%), Table 2 . MIHALJČEVIĆ (1989) found an interval of 40.6-63.4 g. Weight per 1000 seeds measures seed size, and the highest mean value for that character was found in the line Rs 4 I 10 in its third generation of self-pollination in all localities. Mean weight per 1000 seeds was 109.9 g in the Zaječar locality, 127.8 g in the locality Leskovac, and 115.0 g in the locality Požarevac. The smallest seeds, i.e. the lowest average weight per 1000 seeds in the investigated lines, was found in the line D 4111 in its fifth generation of self-pollination in all localities (63.9 in Zaječaru, 63.9 in Leskovcu and 69.0 g in Požarevac), Table  3 . All factors were found to have highly significant effect on the weight per 1000 seeds, the lowest effect of 3.64% being the genotype/year/locality interaction, which agrees with the findings reported by Mikliča, 2001, Table 4 .
Stability parameters. -Looking at both stability parameters, the line Rs 4 I 10 approached closest the average stability genotype regarding protein content in its fourth generation of self-pollination, while the line D 4441 achieved the same in the third, and the line Ko7 in the fourth generation of self-pollination. All three lines in all three years of self-pollination were found to have better stability regarding protein content in different localities and in both years of investigation that the standard cultivar Kolos (b i =2,28), tab.5.
The high variation in the values of the stability parameters b i and S 2 di , acquired by the regression analysis, stresses the differences in reaction of the investigated material to the existing environmental conditions of the experiments. All three lines approached the average stability genotype regarding weight per 1000 seeds in their fourth year of self-pollination, tab.6. 
CONCLUSION
Based on data of the ecological stability of 10 sunflower genotypes, obtained using the EBERHART and RUSSELL (1966) method in three localities and in two years of investigation, it is possible to make the following conclusions:
The ANOVA results for overall samples show satisfactory stability of the investigated characters, but differences were observed by examining the reactions of individual genotypes to the changeable limiting factors of the environment.
The analysis of sunflower genotypes in their different years of self-pollination and cultivated in three different agroecological localities over two years showed that it would be possible to develop sunflower genotypes that would satisfy both criteria, i.e. good characters and high stability under different conditions. It could facilitate the choice of parents for ensuing sunflower breeding programmes.
The results of this investigation showed that it is possible to select the best lines as early as in the S 3 generation, and then to continue the self-pollination process, which increases the efficacy of breeding. 
